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Simple Summary: Finding successful treatments against osteoarthritis without secondary effects
and objectively assessing their effectiveness in dogs is always challenging. In this sense, the aim of
this study was to objectively assess the efficacy of platelet rich plasma alone and in combination with
physical therapy by using a force platform in dogs with hip osteoarthritis. Dogs receiving only the
platelet rich plasma treatment showed a significant improvement in limb function, although the effect
decreased after 180 days; in contrast, the combined therapy maintained the maximum level of efficacy
throughout the study period. Our study proved that physical therapy does not increase the level of
efficacy of platelet rich plasma therapy but objectively contributes to prolonging its effect for more
than this time period.

Abstract: Osteoarthritis (OA) is one of the most significant joint diseases worldwide. There are
different therapies for OA treatment, and a relatively new strategy is the use of plasma rich in
growth factors (PRGF), a platelet rich plasma (PRP) derivative. The objective of this study was to
objectively assess the efficacy and duration of the effect of an intraarticular injection of PRGF and
a combination of PRGF + physical therapy. The objective assessment was provided using a force
platform. The obtained parameters were peak vertical force (PVF) and vertical impulse (VI). A total of
24 dogs with lameness and pain associated to OA attributable to bilateral hip dysplasia were included
in the study. Animals were divided into two study groups and evaluated at baseline and at 30, 90,
and 180 days after intraarticular PRGF or PRGF + physical therapy. Significant differences were
observed at every checkpoint with respect to basal time in both groups. However, after 180 days,
the PRGF group showed a decrease in PVF and VI with respect to the values obtained at 90 days.
However, the PRGF + physical therapy group maintained increased values of both PVF and VI values
during the 180-day study period.
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1. Introduction

Osteoarthritis (OA) is a common degenerative joint disease affecting articular cartilage in both
human and veterinary medicine due to an increased life expectancy in people and animals [1–3].
It is characterized by progressive deterioration and loss of articular cartilage with subchondral bone
affection, the formation of osteophytes, the thickening of the joint capsule, and synovitis. These lesions
lead to discomfort and pain in the affected joint, causing functional limitation; this limitation could be
quantified, given that kinetic parameters such as peak vertical force (PVF) and vertical impulse (VI)
show decreased values. Moreover, this is a disabling disease that decreases patients’ quality of life and
commonly affected joints are the elbow, stifle, and hip joints [3,4].

Hip dysplasia (HD) is the most common developmental orthopedic condition in dogs and is
highly breed dependent [5]. HD can be defined as the abnormal development of the hip joint, resulting
in coxofemoral laxity [6]. Disease progression results in degenerative and inflammatory changes
characteristic of osteoarthritis (OA) [7]. A conservative strategy against HD includes physical therapy
(PT). The approach should be multimodal and focused on improving function, reducing clinical signs
of pain, improving hip movement and strength, and potentially slowing or minimizing the progression
of OA [8].

There is a variety of medical therapies used to treat OA. Until recently, the aim of these therapies was
to decrease the pain and discomfort of patients by using analgesics and nonsteroidal anti-inflammatory
drugs (NSAIDs) [9]. Currently, the most innovative therapies aim to prevent or delay joint degeneration,
stimulating the repair process of the damaged area. As a result, a larger number of studies are being
conducted to prove the effectiveness of regenerative therapies, such as using platelet rich plasma
(PRP) [10].

PRP is described as an autologous blood-derived biological product obtained after centrifugation.
It contains a high number of platelets in a small volume of plasma, with an approximate pH
of 6.6, and due to its autologous origin, it is considered a safe product [11]. Platelets in PRP
can be activated by adding calcium chloride to stimulate the release of the granule’s contents.
PRP contains significant amounts of cytokines and growth factors (GF), which are a group of soluble and
diffusible polypeptide substances that regulate growth, proliferation, differentiation, and metabolism of
cells [12–14]. Some of the GF involved in chondrogenesis and cartilage regeneration are platelet-derived
growth factors (PDGF), transforming growth factors β (TGF-β), insulin-like growth factors (IGF-1),
and fibroblast growth factors (FGF) [15,16]. There are numerous PRP variants depending on their
different characteristics; the plasma rich in growth factors (PRGF), for example, has a moderate platelet
concentration and an absence of leukocytes [17].

In addition to GF, PRP also contains several proteins that play an important role during tissue repair
and regeneration, such as fibrinogen, fibronectin, and vitronectin. They allow cell and other molecule
adhesion, which is useful for cell conduction, acting as a support "matrix" for tissue repair [18,19].
Assessing the duration of effectiveness of PRP has been controversial, mainly because study designs
use different assessing methodologies and different protocols of PRP obtention [20]. Studies in human
species show that pain relief lasts for more than six months [21]. On the contrary, one study in dogs
showed how the PRP effect disappeared after this same study period [22]. This fact highlights the need
to develop objective methods to assess the PRP level of efficacy and duration of effect [23].

Several different approaches are currently available for diagnosing and evaluating the responses
to treatments. In this sense, biomechanics and specifically kinetic analysis using a force platform
has been considered to be the “gold standard” for limb function assessment. This methodology has
successfully assessed different treatments against OA [24,25].
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As a result, the initial hypothesis of the present study was that, even though a single intraarticular
infiltration of a PRP infusion would improve the limitations in limb functionality associated with
OA, the combination of a PRP infusion with a physical rehabilitation program would significantly
improve the effect in terms of level of efficacy and duration. Therefore, the objective of our study was
to evaluate the effectiveness of intraarticular PRP infiltration and PRP + physical rehabilitation through
objective kinetic parameters, such as PVF and VI.

2. Materials and Methods

2.1. Animals

The current clinical study was carried out with 24 client-owned dogs of different breeds and ages,
both males and females, presenting with OA caused by bilateral HD. All animal owners included
in the study signed a written consent after having been notified of the relevant project information.
The protocol was approved by the ethics committee of the University of Las Palmas de Gran Canaria.
Descriptive data for each patient is detailed in Table 1a,b.

Table 1. (a). Descriptive data of each patient included in the group PRGF. (b) Descriptive data of each
patient included in the group PRGF + PT.

(a)

Dog Breed Gender Weight (kg) Age (Months)

1 German shepherd M 37.00 60
2 Crossbreed F 32.50 96
3 Siberian husky M 30.10 94
4 Labrador retriever M 31.50 120
5 Crossbreed M 43.80 72
6 Rottweiler M 55.00 120
7 Crossbreed M 36.50 108
8 Crossbreed F 44.20 106
9 Labrador retriever M 31.40 56
10 Caucasian shepherd F 61.00 105
11 Golden retriever F 33.00 120
12 Labrador retriever M 32.30 108

(b)

1 Labrador retriever M 35.80 132
2 Crossbreed M 31 60
3 Belgian Shepherd F 32.2 71
4 German shepherd M 36.5 87
5 Crossbreed M 30 43
6 Canarian presa M 59 99
7 Crossbreed F 31.7 123
8 Rottweiler F 38.4 59
9 Rhodesian ridgeback F 36.7 74
10 Canarian presa M 51 52
11 Golden retriever M 37 87
12 Labrador retriever F 36 47

PRGF: Plasma rich in growth factors; PT: Physical therapy; M: Male; F: Female.

Main descriptive results for the dogs used in this study are summarized in Table 2.
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Table 2. Descriptive results for the dogs included in this study.

PRGF PRGF + PT

Weight 39.02 ± 10.07 37.94 ± 8.58
Age (months) 97.08 ± 22.68 77.83 ± 28.85

Males 8 7
Females 4 5

PRGF: Plasma rich in growth factors; PT: Physical therapy.

Dogs included in the present study weighed more than 30 kg. All the animals showed a 3–4 grade
of lameness in a scale of four grades (obvious lameness at walk and trot). To confirm the presence of
moderate to severe OA in each animal, a complete orthopedic examination was performed with X-rays
under sedation. Radiographic signs of OA were evaluated, such as the presence of subchondral bone
sclerosis, bone remodeling, and the presence of osteophytes or diminished joint space [26,27]. Except
for OA, the animals could not present any other pathology, therefore requiring each dog to undergo
a complete clinical examination and complete hematology, as well as a serum biochemistry and an
endocrine and serology panel.

Two groups of 12 dogs were formed: One study group (PRGF) receiving a single intraarticular
dosage of PRGF bilaterally and a second group (PRGF + PT) receiving a combined treatment of PRGF
and a PT program.

2.2. PRGF Preparation-Inoculation

PRGF®-Endoret® technology (BTI Biotechnology Institute, Alava, Spain) was used to obtain
autologous preparation of PRP. The procedure has been previously published [17], but briefly:

The blood was collected from the external jugular vein of each dog under sterile conditions in
Vacutainer sodium citrate 3.8% tubes (Blood-Collecting Tubes®, BTI Biotechnology Institute, Alava,
Spain). Next, the tubes were centrifuged at 460× g for 8 min (PRGF® System III, Biotechnology
Institute, Alava, Spain) to separate the different blood phases. The fraction located immediately above
the buffy coat (white fraction) corresponds to PRGF. The extraction procedure of the plasma fractions
was carried out under the maximum conditions of sterility in the laminar flow cabinet and always
by the same individual. Once the different plasma fractions were extracted, a total of 2 mL of PRGF
was infiltrated into both affected joints by conventional arthrocentesis. Prior to infiltration, PRGF was
activated by adding 5% of calcium chloride (CaCl2 10%) to activate platelets for growth factor release.

2.3. PT Program

The aim of the rehabilitation program was to increase the joint range of motion, as well as potentiate
the muscular strength of the hind limbs and the physical endurance of the dogs. This part of the
treatment had an individual approach; in this sense, the rehabilitation program intensity was modified
gradually as each animal progressed until all of the tasks below were accomplished. The activities
should be performed once daily and should be maintained until the end of the study; these were:

(1) Warm-up, consisted in 5’ at slow walk in a straight, horizontal walkway.
(2) Sit-to-stand, 15 times.
(3) Dancing exercises, 5’ raising the forelimbs off the ground and walking the dog forward

and backward.
(4) Incline walking, 10’ at regular walk.
(5) Cool down, again 5’ at slow walk in a straight, horizontal walkway.

2.4. Force Platform Measurement

A single platform was placed in the center of a 7 m runway covered by a rubber mat. Dogs were
leash guided at a walk over the force platform by the same handler. Walk velocity was measured by a
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motion sensor (PS-2103a, Pasco, CA, USA) in order to ensure that animals walked homogeneously
within a narrow variation of velocity (1.6 ± 0.5 m/s) and acceleration (≤0.5 m/s2). The sampling
frequency was set to 250 Hz. A total of five valid trials were obtained from each dog. A trial was
considered valid when the limb fully contacted the force platform, with the dog walking next to the
handler without pulling on the leash.

The software DataStudio (Pasco, CA, USA) was used for the acquisition, numerical conversion,
and storage of data. Both affected limbs were recorded at day (D) 0, 30, 90, and 180 post-treatment.
Finally, the obtained PVF (Newtons) and VI (Newtons x second) values were normalized relative to
body weight (%).

Although each dog had bilateral dysplasia, only the measurements obtained from the more lame
limbs (lesser PVF) were considered reliable in order to avoid a possible bias caused by inconsistent
weight redistribution to the less affected contra-lateral hind limb. For this reason, only data from the
more lame limbs were statistically compared.

2.5. Statistical Analysis

In our study design, the dog was considered a blocking factor, while time from the start of
treatment (D0, D30, D90, D180) and treatment (PRGF, PRGF + PT) were considered experimental
factors, given that the aim of the study was to determine if there were systematic differences in the %
of PVF or % of VI between both treatment strategies among four fixed moments in time: D0, D30, D90,
and D180.

For the data analysis, a linear mixed-effects model was considered: The experimental factors (time
and treatment) were fixed effects factors, while the blocking factor (dog) was a random-effects factor.
The model was as follows:

yijkl = µ+αi +βj + (αβ)ij + bk + bjk + εijkl

where:

• yijkl is the l-th measure (l = 1, 2, . . . , 5) of PVF/VI of the dog k (k = 1 . . . 12) in the month j = 0
(D0), 1 (D30), 3 (D90), and 6 (D180), being the dog assigned to treatment i = PRGF/PRGF + PT.

• µ is the grand mean of the % PVF/VI for all data.
• αi is the (fixed) effect of the treatment i.
• βj is the fixed effect of time j.

• (αβ)i j represents the interaction between the treatment i and time j.

• bk is the (random) effect of the dog k. Values of bk are supposed to be normally distributed with a
mean 0 and standard deviation σD. So, σD is the variability in the response due to the dog.

• bjk is the (random) effect of the k-th dog in the j-th time of observation. Values of bjk are
supposed to be normally distributed with a mean 0 and standard deviation σTD. This term allows
for the possibility of nonparallel responses in all dogs of the same group as time progresses
(i.e., the possibility of dogs improving in the same time period as others worsen in the same
group).

• εijkl is the residual in the measure ijkl. This variable is assumed to be also normally distributed
with a mean 0 and standard deviation σ.

Parameters in this model were estimated using the package nlme in the R statistical software.
A one-way ANOVA test was used to verify the existence of significant differences between treatments
or between times. When significant differences were detected, the post-hoc Tukey multiple comparison
test was used to compare fixed effects. For assessing the validity of the model, a Shapiro–Wilk test was
applied for testing normality of the residuals, and a Levene test was applied for testing homoscedasticity.
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3. Results

No significant differences between groups were found in weight (p = 0.56) or in age (p = 0.10).
Mean values (± SD) of PVF and VI in PRGF and PRGF + TP groups at D0, D30, D90, and D180 are
summarized in Table 3.

Table 3. Mean ± SD values for PVF and VI for PRGF and PRGF + PT groups at the different
checking periods.

Group D0 D30 Dif D90 Dif D180 Dif

PVF
PRGF 31.77 ± 1.16 44.89 ± 1.26 13.13 † 44.56 ± 1.25 12.79% † 40.90 ± 1.26 9.13 † *

PRGF + PT 32.42 ± 1.08 45.56 ± 0.84 13.14 † 45.32 ± 1.10 12.9% † 45.30 ± 1.16 12.88 † *

VI
PRGF 12.97 ± 0.37 15.30 ± 0.35 2.33 † 15.34 ± 0.39 2.37% † 14.55 ± 0.41 1.58 † *

PRGF + PT 13.07 ± 0.45 15.55 ± 0.35 2.47 † 15.41 ± 0.32 2.33% † 15.33 ± 0.51 2.25 † *

Dif refers to percent of difference with D0; † refers to a significant difference with D0; * refers to significant differences
between both groups at the same time period. PVF: Peak vertical force; VI: Vertical impulse; PRGF: Plasma rich in
growth factors; PT: Physical therapy.

In both groups, PVF and VI significantly increased (p ≤ 0.001) at D30 when compared with
D0. This difference remained significant in all the remaining time periods. When both groups were
compared, no significant differences were found (p ≥ 0.005) at D0, D30, and D90; however, PVF and VI
at D180 in the PRGF group was 4.4% and 0.78% lower (p ≤ 0.001), respectively, when compared with
the PRGF + PT group (Figures 1 and 2).
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PRGF: Plasma rich in growth factors; PT: Physical therapy; VI: Vertical impulse.

In Figures 1 and 2, each point corresponds with the mean value (PVF or VI) for each dog.
A smoothing curve obtained by local polynomial regression has been superimposed on each treatment
point to better represent the average trend over time. The shaded region is the 95% confidence band
for this average trend. PVF and VI in the PGRF group decreased between D90 and D180. In both
groups, PVF and VI residuals were respectively normal (p = 0.24, p = 0.16) and homoscedastic (p = 077,
p = 0.75).

4. Discussion

In agreement with our hypothesis, PGRF therapy, a PRP derivative, is effective in improving limb
function in dogs with OA, although this effect decreased after 180 days; however, when combined with
PT, the effect is extended in terms of time, maintaining its efficacy beyond this period. To the authors
knowledge, this is the first study collecting objective data regarding the effect of physical therapy in
dogs with hip OA.

Currently, adequate treatment in OA remains a daunting clinical challenge, despite the advances in
medicine, since cartilage has a limited regenerative capacity. Usually, the treatments for this pathology
only reach temporary clinical or functional improvements; for this reason, the main objectives when
treating this pathology are controlling pain, improving functionality, and stopping the progression of
the disease [28].

Even though most of the published research and clinical studies show positive results using PRP
for OA treatment, this therapy remains unpredictable due to the significant heterogeneity between
studies and the variability in PRP preparations. When compared with a “generic” PRP, where the effect
in stifle OA disappeared after 180 days [21], PRGF maintained its effect for more than the six-month
period, although the effect decreased. In order to obtain consistent results and conclusions, we decided
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to use PRGF because it is a validated and registered product with demonstrated effectiveness and
minimal adverse effects [28,29].

There is no current consensus in regards to a standard regimen. In our study, as well as in
previous studies [25,30], we observed at a single intraarticular application of PRGF functional limb
deficit improvement presented by canine patients derived from osteoarthritic pathology until D180
after treatment when compared with D0.

Muscle atrophy is often seen in animals with hip dysplasia; this occurs because the muscles most
vulnerable to disuse atrophy are the postural muscles, extensor muscles, and muscles that cross a
single joint, such as the hip. Unfortunately, even if the muscle mass is recovered, peak force could
still be reduced by 50% [31]. In addition, muscular weakness predisposes OA progression and clinical
signs in humans [32] and compromises joint stability [33]. In light of this research, we reasoned that
the PT protocol should not only consist of mobilization exercises, but also exercises that promote
muscle strengthening. In this way, muscles not only increase their volume, as demonstrated by other
studies [34], but also increase their power [35]. Since muscle regeneration is highly age-dependent,
with a high potential for success when dogs are young [36], it is necessary for remobilization and
strengthening exercises in adult/senior dogs to start as soon as they are diagnosed.

The usefulness of kinetic, objective, and quantifiable assessments of the effectiveness of different
therapeutical strategies against OA have been previously proven [37–39]. In our study, PVF and VI
objectively show how both PRGF and PRGF + PT therapies equally improve limb function, although
the duration of the maximal effect was significantly different. Some studies also found improvement in
limb function in dogs when PT is combined with tibial plateau leveling osteotomy (TPLO) surgery
due to cranial cruciate rupture (CCLR) [34,35,40]. Although some of the previous studies also used
objective data from force platform analysis, conclusions cannot be extrapolated given the difference
in the affected joint (stifle), and the primary treatment was surgical, not conservative. Nonetheless,
few clinicians are prone to include rehabilitation techniques in the treatment process because of its cost
or their lack of knowledge in the field, among others [41].

Our study has some limitations. The first limitation is that it only evaluated the effect of a single
PRGF injection. It would have been interesting to compare the effect of one injection with more than
one injection to assess if duration and effectiveness differed. However, in our opinion, the objective to
prove PT as a beneficial co-adjuvant to other therapies, which is the case of a single dosage of PRGF,
was reached. The second and last limitation is the duration of the evaluation. After analyzing the
results, six months appears to be long enough to evaluate the treatment’s effectiveness, in keeping
with previous studies [42]. By extending the duration of the study, and if PT is maintained, it would
determine when the PRGF effect disappears; however, that was outside the scope of our objectives.
In addition, consideration should be made that the animals included in this study belong to owners;
it is probable that increasing the length of the study would negatively affect the owners commitment
and, therefore, the number of animals that could be properly evaluated.

5. Conclusions

A single intraarticular infiltration of PRGF in canine patients with bilateral hip dysplasia due to
OA is effective in relieving pain and improving limb function. The combination of a PT program along
with a PRGF treatment allows to maintain the maximum effect for more than six months, which is not
the case if dogs are treated with PRGF alone.
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